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Field experiments were conducted in 2010 and 2011 in a typical location of North China Plain to
evaluate weed control efﬁcacy of four post-emergence herbicides nicosulfuron, mesotrione, top-
ramezone and the combination of mesotrione/nicosulfuron when they were applied at reduced doses at
different weed growth stages. Experimental results showed that nicosulfuron, topramezone and the
combination of mesotrione/nicosulfuron provided better weed control efﬁcacy than mesotrione when
they were applied at their label recommended doses at the 2- to 3-leaf and 4- to 5-leaf stages of weeds;
nicosulfuron and mesotrione/nicosulfuron could at least be reduced by 33% and topramezone reduced
by 67% without sacriﬁcing total weed control efﬁcacy and maize grain yield. Nicosulfuron and its
combination with mesotrione could effectively control broadleaved and grass weeds when their doses
were reduced by 67% and by 33%, respectively. Topramezone could effectively control broadleaved and
grass weeds when its dose was reduced by 67%. The efﬁcacy of mesotrione in controlling grass weeds
was bad even at the label recommended dose. All four herbicides tested did not affect the maize grain
yield.
 2013 Published by Elsevier Ltd.1. Introduction
Maize is one of the most widely planted crops in the world. Its
plant area and production ranks the second in China. Around 30% of
maize is planted in North China Plain (NCP) and the production in
NCP is up to 50% of the whole country (Li, 2010). NCP is charac-
terized by a double cropping system of winter wheat and summer
maize. Weed control in maize ﬁelds in NCP largely depends on
chemical methods. High input of herbicides results in environ-
mental pollution and the development of weed resistance. In
addition, the cost for weed control is also too high. An effective way
to reduce the side effect of the herbicide was to apply the lowest
dose needed for biologically effective weed control (Kudsk and
Streibig, 2003). It is important to provide information about the
minimum effective dose of herbicides to be applied in the ﬁeld
situation. Although such studies have been carried out worldwidei@cau.edu.cn (H. Ni).
Elsevier Ltd.for more than 30 years (Kir and Dogan, 2009), there is a lack of
studies on the optimization of herbicide doses in summer maize in
China.
The commonly used chemicals for weed control in summer
maize include pre-emergence herbicides, such as atrazine or
metribuzin mixed with acetochlor or metolachlor, and post-
emergence herbicides, such as nicosulfuron, rimsulfuron, meso-
trione (China Pesticide Information Network, 2012). In NCP, the
performance of pre-emergence herbicides is not good due to the
adoption of non-tillage techniques in maize production. So the use
of post-emergence herbicides is increasing. In post-emergence
programs, the use of herbicides at reduced doses is one of the
most important tools to limit herbicide input into the environ-
ment according to the integrated weed management system
(Swanton and Weise, 1991). In nowadays, nicosulfuron and mes-
otrione are the two most commonly used post-emergence her-
bicides in summer maize ﬁeld in NCP. Nicosulfuron is registered to
control dicotyledonous and monocotyledonous weeds and mes-
otrione is registered to control annual broadleaved and some
grass weeds in maize in China (China Pesticide Information
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these two herbicides and crop injury often occurs after their
application (O’Sullivan et al., 1995; Williams et al., 2005; Zhang
et al., 2010). It is urgent to provide information about the mini-
mum effective doses of these two herbicides.
Topramezone belongs to the new chemical class of pyrazolones
or benzoylpyrazoles and was commercially introduced in 2006
(Grossmann and Ehrhardt, 2007; Zollinger and Ries, 2006). It was
newly registered as a post-emergence herbicide applied in maize to
control annual grass and broadleaved weeds in China in 2010. The
combination of nicosulfuron/mesotrione is a new product under
registering in China. Schuster et al. (2007, 2008) reported there was
antagonism on Setaria viridis L. and Sorghum bicolor L. when nic-
osulfuron was tank-mixed with mesotrione. But Skrzypczak et al.
(2011) reported that the tank-mixture of these two herbicides
and adjuvant gave no antagonistic effect. So, the efﬁcacy of this
combination needs to be studied.
The main objective of the present study was to evaluate the
efﬁcacies of these four post-emergence herbicides applied at the
recommended and reduced doses on weeds in summer maize in
NCP of China.
2. Materials and methods
2.1. Experimental sites
Field experiments were conducted in 2010e2011 at the Dis-
hang Research Station (N3756.280, E11443.480) of the Hebei
Academy of Agriculture and Forestry Sciences in Gaocheng town,
China. The soil of the ﬁeld was sandy loam with clay 3.3%, silt
30.3%, sand 66.7%; total nitrogen 1070.0 mg kg1, available phos-
phorus 150.2 mg kg1, potassium 39.0 mg kg1, and pH 8.22. The
experimental site was characterized by a double cropping system
of winter wheat followed by summer maize in one year. After
winter wheat harvest, the ﬁeld was plowed with a rotary tiller to a
depth of 15e20 cm and followed by disking and smoothing with a
land leveler. The maizewas sownmanually on 28 June 2010 and 30
June 2011 at 30 cm distance in plants and 60 cm apart between
rows. Each plot was 8 m long by 2.4 m wide and consisted of four
maize rows. The maize variety we used in our experiment was
hybrid Xundan 20 in both years. The temperature and precipita-
tion data from June to October in 2010 and 2011 are shown in
Figs. 1 and 2. The weed composition of the experimental ﬁeld is
listed in Table 1. Amaranthus retroﬂexus L. was dominant broad-
leaved weed and Eleusine indica L. was dominant grass weed.
Setaria faberi Herrm. and Portulaca oleracea L. were sub-dominant
weeds.Fig. 1. Temperature during experimental2.2. Experimental procedures
Four post-emergence herbicides nicosulfuron 40 g L1 suspen-
sion concentrate (SC), mesotrione 100 g L1 SC, topramezone
336 g L1 SC, and the combination of mesotrione/nicosulfuron
105 g L1 oil dispersionwere used in the experiments. Nicosulfuron
was produced by Ishihara Sangyo Kaisha, Ltd; mesotrione and the
combination of mesotrione/nicosulfuron produced by Syngenta
Crop Protection; topramezone produced by BASF Co., Ltd. The all
four herbicides were applied at the rates of recommended dose (R),
2/3R, 1/2R, and 1/3R. The recommended doses of nicosulfuron,
mesotrione, topramezone, and mesotrione/nicosulfuron were 45,
113, 25, and 118 g a.i. ha1, respectively. Topramezone was tank-
mixed with adjuvant methylated seed oil (MSO) at the concentra-
tion of 0.5% v/v according to the application instruction of this
product. The recommended doses of these four herbicides were
determined according to their registration information in China
(China Pesticide Information Network, 2012). The recommended
dose of the combination of mesotrione/nicosulfuronwas suggested
by Syngenta Crop Protection. Herbicide application times were at
the 2- to 3-leaf stage (13 June 2010 and 11 June 2011) and the 4- to
5-leaf stage (17 June 2010 and 15 June 2011) of weeds. A weed-free
control by hand weeding and a weedy control were established.
Herbicides were sprayed using a backpack plot sprayer with ﬂat fan
nozzles (LECHLER 110-015 Green) and calibrated to deliver
450 L ha1 aqueous solution at 0.2e0.3 MPa. The experiments were
organized as a complete randomized block design with four
replications.
Above-ground parts of weed plants were cut from three 0.25 m2
quadrats for each plot at 6 weeks after the second application time.
The samples were separated by species, and dried to constant
weight by natural sunshine. Maize was harvested at physiological
maturity (8 October 2010 and 7 October 2011) and the grain yield
(adjusted to 15.5% of moisture content) was determined by hand-
harvesting 15 cobs from 2 central rows for each plot.
2.3. Statistical analysis
The data were analyzed using the GLM procedure of SAS 9.3
(SAS Institute, 2011) conducting a 2-factorial ANOVA (a ¼ 0.05).
The assumptions of variance analysis were tested by ensuring that
the residuals were random, homogenous, with a normal distribu-
tion about a mean of zero using residual plots and the Shapiroe
Wilk normality test. Efﬁcacies of herbicides on the total weeds,
broadleaved and grass weeds were directly analyzed using the dry
biomass weight data. The effect of herbicides on the grain yield of
maize was analyzed using the grain yield directly and comparisonsperiods at Dishang Research Station.
Fig. 2. Precipitation during experimental periods at Dishang Research Station.
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analyzed using independent-samples T test at the 5% signiﬁcance
level. All data were analyzed separately in years since the interac-
tion of year with herbicide treatments was signiﬁcant.
3. Results
3.1. Efﬁcacy on total weeds
At the 2- to 3-leaf stage of weeds, the total residual weed
biomass was signiﬁcantly higher in treatment mesotrione than in
treatments nicosulfuron, topramezone, and mesotrione/nic-
osulfuron when they were applied at their label recommended
doses in both years. When nicosulfuron dosewas reduced by 50% in
2010 and by 33% in 2011, mesotrione dose reduced by 50% in 2010
and by 67% in 2011, topramezone dose reduced by 67% in 2010 and
2011, and mesotrione/nicosulfuron dose reduced by 67% in 2010
and by 33% in 2011, their efﬁcacies were similar to their respectively
recommended doses (Fig. 3).
At the 4- to 5-leaf stage of weeds, the total residual weed
biomass was signiﬁcantly lower in treatment topramezone than in
treatments nicosulfuron andmesotrione/nicosulfuron in both years
when they were applied at their label recommended doses. The
performance of mesotrione still was the worst among the four
herbicides. When nicosulfuron dose was reduced by 33% in 2010
and 2011, mesotrione dose reduced by 67% in 2010 and by 50% in
2011, topramezone dose reduced by 67% in 2010 and 2011, and
mesotrione/nicosulfuron dose reduced by 50% in 2010 and by 33%Table 1
Weed species occurring in experimental ﬁelds at the Dishang Research Station.
Weed 2010
Density (plants m2) Pe
Eleusine indica (L.) Gaertn. 34.0 30
Amaranthus retroﬂexus L. 25.0 22
Setaria faberi Herrm. 13.0 11
Portulaca oleracea L. 11.9 10
Acalypha australis L. 8.5 7
Physalis angulata L. 6.9 6
Digitaria sanguinalis (L.) Scop 3.0 2
Chenopodium album L. 2.3 2
Abutilon theophrasti Medik. 1.6 1
Echinochloa crus-galli L. 1.3 1
Calystegia hederacea Wall. 1.1 1
Solanum nigrum L. 1.1 1
Others 3.0 2
Total 112.7in 2011, their efﬁcacies were similar to their respectively recom-
mended doses (Fig. 4).
3.2. Efﬁcacy on broadleaved weeds
At the recommended dose, all four herbicides nicosulfuron,
mesotrione, topramezone, and the combination of mesotrione/
nicosulfuron provided good control on broadleaved weeds whether
they were applied at the 2- to 3-leaf (Fig. 5) or 4- to 5-leaf (Fig. 6)
stage of weeds in both years. When doses were reduced by 67%,
their efﬁcacies still were good on broadleaved weeds even though
the residual biomass of broadleaved weeds increased in some
reduced dose treatments. These results indicated that the doses of
these four herbicides could be reduced by 67% for broadleaved
weed control.
3.3. Efﬁcacy on grass weeds
At the label recommended dose, nicosulfuron, topramezone,
and the combination of mesotrione/nicosulfuron provided good
control on grass weeds, but mesotrione did not whether they
were applied at the 2- to 3-leaf or 4- to 5-leaf stage of weeds. The
residual grass biomass was signiﬁcantly higher in treatment
mesotrione than in treatments nicosulfuron, topramezone, and
the combination of mesotrione/nicosulfuron. There was no sig-
niﬁcant difference in residual grass biomass among treatments
nicosulfuron, topramezone, and the combination of mesotrione/
nicosulfuron when they were applied at the 2- to 3-leaf weed2011
rcentage (%) Density (plants m2) Percentage (%)
.2 29.6 24.6
.2 36.2 30.1
.5 17.2 14.3
.6 12.0 10.0
.5 4.0 3.4
.1 7.8 6.5
.7 2.2 1.9
.0 9.3 7.7
.4 0.5 0.4
.2 0.1 0.1
.0 0.3 0.2
.0 0.8 0.7
.7 0.2 0.2
120.3
Fig. 3. Total dry weed biomass of treatments four post-emergence herbicides applied at their recommended and reduced doses at 2- to 3-leaf stage. The producer recommended
dose: 45 g a.i. ha1 for nicosulfuron, 113 g a.i. ha1 for mesotrione, 25 g a.i. ha1 for topramezone and 118 g a.i. ha1 for mesotrione/nicosulfuron.
Fig. 4. Total dry weed biomass of treatments four post-emergence herbicides applied at their recommended and reduced doses at 4- to 5-leaf stage. The producer recommended
dose: 45 g a.i. ha1 for nicosulfuron, 113 g a.i. ha1 for mesotrione, 25 g a.i. ha1 for topramezone and 118 g a.i. ha1 for mesotrione/nicosulfuron.
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signiﬁcantly lower in treatment topramezone than in treatments
nicosulfuron and the combination of mesotrione/nicosulfuron
when they were applied at the 4- to 5-leaf stage of weeds in both
years (Fig. 8).
For nicosulfuron and its combination with mesotrione, the re-
sidual grass biomass did not increase signiﬁcantly when their dosesFig. 5. Dry broadleaved weed biomass of treatments four post-emergence herbicides appl
ommended dose: 45 g a.i. ha1 for nicosulfuron, 113 g a.i. ha1 for mesotrione, 25 g a.i. hawere reduced by 33% at both weed stages in both years. For top-
ramezone, the residual grass biomass did not increase signiﬁcantly
evenwhen its dose was reduced by 67% at both weed stages in both
years (Figs. 7 and 8). These results indicated that the doses of nic-
osulfuron and its combination with mesotrione could be reduced
by 33% and the dose of topramezone reduced by 67% for grass weed
control.ied at their recommended and reduced doses at 2- to 3-leaf stage. The producer rec-
1 for topramezone and 118 g a.i. ha1 for mesotrione/nicosulfuron.
Fig. 6. Dry broadleaved weed biomass of treatments four post-emergence herbicides applied at their recommended and reduced doses at 4- to 5-leaf stage. The producer rec-
ommended dose: 45 g a.i. ha1 for nicosulfuron, 113 g a.i. ha1 for mesotrione, 25 g a.i. ha1 for topramezone and 118 g a.i. ha1 for mesotrione/nicosulfuron.
Fig. 7. Dry grass weed biomass of treatments four post-emergence herbicides applied at their recommended and reduced doses at 2- to 3-leaf stage. The producer recommended
dose: 45 g a.i. ha1 for nicosulfuron, 113 g a.i. ha1 for mesotrione, 25 g a.i. ha1 for topramezone and 118 g a.i. ha1 for mesotrione/nicosulfuron.
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Compared with the weed-free control, the maize grain yield of
the weedy control was reduced by 11.3% in 2010 and by 15.1% in
2011. All four herbicides were safe to maize crop. Whether they
were applied at the recommended doses or reduced doses, maize
grain yields were not signiﬁcantly different from the weed-freeFig. 8. Dry grass weed biomass of treatments four post-emergence herbicides applied at th
dose: 45 g a.i. ha1 for nicosulfuron, 113 g a.i. ha1 for mesotrione, 25 g a.i. ha1 for topramcontrol at both weed stages in both years (Tables 2 and 3). For
nicosulfuron, topramezone and mesotrione/nicosulfuron, maize
grain yields of herbicide treatment were signiﬁcantly higher than
that of the weedy control whether they were applied at the rec-
ommended doses or at reduced doses (33%e67%) at both weed
stages in both years. In the case of mesotrione, maize grain yield
was signiﬁcantly higher than that of the weedy control whether iteir recommended and reduced doses at 4- to 5-leaf stage. The producer recommended
ezone and 118 g a.i. ha1 for mesotrione/nicosulfuron.
Table 2
Effect of four post-emergence herbicides applied at their recommended and reduced doses at the 2- to 3-leaf stage of weeds on the grain yield of maize.
Year Dose Grain yield (t ha1)
Nicosulfuron Mesotrione Topramezone Mesotrione/nicosulfuron
2010 Ra 8.28* 8.51* 8.35* 8.94*
2/3R 8.36* 8.79* 8.57* 8.47*
1/2R 8.21* 8.26* 8.29* 8.69*
1/3R 8.30* 8.12 8.28* 8.70*
Weed-free 8.39
Weedy 7.44
2011 R 8.57* 8.23* 8.27* 8.48*
2/3R 8.51* 8.16* 8.37* 8.73*
1/2R 8.25* 8.08* 8.27* 8.34*
1/3R 8.14* 8.01 8.13* 8.26*
Weed-free 8.42
Weedy 7.15
*Means difference between herbicide treatment and weedy was signiﬁcant at P ¼ 0.05.
a R means the producer recommended dose: 45 g a.i. ha1 for nicosulfuron, 113 g a.i. ha1 for mesotrione, 25 g a.i. ha1 for topramezone and 118 g a.i. ha1 for mesotrione/
nicosulfuron.
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doses at the 2- to 3-leaf stage of weeds (Table 2), but maize grain
yield was not signiﬁcantly different from that of the weedy control
when it was applied at reduced doses at the 4- to 5-leaf stage of
weeds (Table 3).
4. Discussion
With the increasing concern on herbicide resistant weeds,
public health and production costs, it is important to apply herbi-
cides at an optimal rate and right time while maintaining weed
control at an acceptable level and protecting the crop from herbi-
cide injury. The registered rates of herbicides may be higher than
the rate required for control of the most economically important
weed species depending on location (Nurse et al., 2007). Doses
reduced to typically 50e80% of the rate recommended by the
manufacturers have been already applied in maize on more than
50% of the area in the Netherlands andmore than 80% of the area in
Denmark, Germany and France (Meissle et al., 2010). Similarly,
herbicides were applied at reduced doses in 28% of the cropped
area in Canada for weed management (Beckie, 2006). However,
herbicide reductions may not be possible in the dryer Mediterra-
nean regions, where highly competitive weed species are present
(Meissle et al., 2010). In our case, it is temperatemonsoon climate in
NCP and A. retroﬂexus and E. indica are the 2 dominant weeds,Table 3
Effect of four post-emergence herbicides applied at their recommended and reduced do
Year Dose Grain yield (t ha1)
Nicosulfuron Mes
2010 Ra 8.24* 8.62
2/3R 8.30* 7.88
1/2R 8.21* 7.86
1/3R 8.34* 7.98
Weed-free 8.39
Weedy 7.44
2011 R 8.63* 8.49
2/3R 8.43* 7.87
1/2R 8.13* 7.67
1/3R 8.13* 7.89
Weed-free 8.42
Weedy 7.15
*Means difference between herbicide treatment and weedy was signiﬁcant at P ¼ 0.05.
a R means the producer recommended dose: 45 g a.i. ha1 for nicosulfuron, 113 g a.i. ha
nicosulfuron.especially A. retroﬂexus L. is very competitive in both density and
plant size. The ﬁndings from this research indicated that it is
possible to reduce doses by 67% for topramezone and by 33% for
nicosulfuron, mesotrione and their combinationwithout sacriﬁcing
weed control efﬁcacy in summer maize ﬁelds in NCP. What is more
interesting, doses of all four herbicides could be reduced to a lower
level according to maize grain yield than according to weed control
efﬁcacy because all four herbicides could effectively control the
dominant weed specie A. retroﬂexus and the residual weeds did not
inﬂuence maize grain yield very much. For example, the total efﬁ-
cacy of mesotrione treatments was only 58%e79% at the 2- to 3-leaf
stage and 62%e75% at the 4- to 5-leaf stage of weeds, but the grain
yields of these treatment plots were still not signiﬁcantly lower
than that of the weed-free treatment.
From ﬁndings of this study, it could be found that the reduction
amount of doses depends onweed composition and herbicides due
to different effectiveness of these herbicides on broadleaved and
grass weeds. For example, the dose of nicosulfuron could be
reduced by 67% for broadleaved weeds, but only by 33% for grass
weeds, while the dose of topramezone could be reduced by 67%
both broadleaved weeds and grass weeds. Topramezone, which is
the same mode of action as mesotrione, was effective on both grass
and broadleaved weeds. This might be due that topramezone was
tank mixed with adjuvant MSO. Previous reports (Young et al.,
2007; Zheng et al., 2011; Zollinger and Ries, 2006) alsoses at the 4- to 5-leaf stage of weeds on the grain yield of maize.
otrione Topramezone Mesotrione/Nicosulfuron
* 8.39* 8.29*
8.57* 8.26*
8.54* 8.51*
8.62* 8.16*
* 8.53* 8.66*
8.55* 8.62*
8.40* 8.30*
8.60* 8.27*
1 for mesotrione, 25 g a.i. ha1 for topramezone and 118 g a.i. ha1 for mesotrione/
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applied tank-mixing with adjuvant MSO. The performance of
mesotrione was not good on broadleaved weeds, which was due to
the inefﬁcient control of P. oleracea L. This ﬁnding is similar to the
results of Sutton et al. (2002) and Pannacci and Covarelli (2009). In
this study, mesotrione was also not effective on grass weeds. The
dry biomass of grass weeds was greater in the full dose treatment
than in the weedy control (Figs. 7 and 8). This is because the grass
weeds growth was suppressed by the dominant broadleaved weed
A. retroﬂexus L. in the weedy control plots.
Schuster et al. (2007, 2008) reported that tank-mixing nic-
osulfuron with mesotrione had antagonism on S. viridis L. and S.
bicolor L. However, in our experiments, the combination of these
two herbicides was effective onweeds. Skrzypczak et al. (2011) also
reported that the tank-mix of these two herbicides and adjuvant
gave no antagonistic effect and had good weed control efﬁcacy.
There are many advantages of combinations of two or more her-
bicides in tank-mixtures in reducing herbicide resistance (Diggle
et al., 2003). So this new combination has good prospect because
of occurring resistant weeds to nicosulfuron which has been used
for more than ﬁfteen years in China.
Previous studies showed that there was phytotoxicity of nic-
osulfuron and mesotrione on some maize cultivars (Pannacci and
Covarelli, 2009; Zhang et al., 2010). During our experiments, the
phytotoxicity of maize leaves was observed in the form of leaf
bleaching after nicosulfuron and mesotrione were applied at rec-
ommended doses. However, the phytotoxicity was transitory and
disappeared within two weeks and maize grain yields of these two
treatments were not signiﬁcantly different from the weed-free
control (Tables 2 and 3). It means that this kind of transitory
phytotoxicity did not affect maize growth and development.
Applying herbicides at lower doses has a ﬁt in speciﬁc situa-
tions as they might allow increased proﬁts to be realized by
growers, reduce potential injury to current and succeeding sus-
ceptible crops, and minimize risk to the environment (Blackshaw
et al., 2006). However, recent studies have demonstrated that low
doses of herbicides could result in faster evolution of herbicide
resistance (Manalil et al., 2011; Norsworthy et al., 2012). So
reducing herbicide doses is better combined with weed integrated
management.5. Conclusion
Nicosulfuron, topramezone and the combination of mesotrione/
nicosulfuron provided better weed control thanmesotrione at their
recommended doses in NCP. Application doses of the four post-
emergence herbicides could be substantially reduced to below
registered doses without sacriﬁcing their efﬁcacy on weeds.
Reduction amounts depended on weed composition and herbicide
due to different effectiveness of these herbicides on broadleaved
and grass weeds. For total weed control, nicosulfuron and the
combination of mesotrione/nicosulfuron could be reduced at least
33% and topramezone 67% of the label recommended dose. All four
herbicides could effectively control broadleaved weeds even at
reduced doses. Except mesotrione, the other three herbicides could
also effectively control grass weeds when their doses were reduced
to some certain levels. All four herbicides tested did not affect the
maize grain yield.Acknowledgments
This research was supported by the Special Fund for Agro-
scientiﬁc Research in the Public Interest (201303022) and the
Deustsche Forschungsgemeinschaft, DFG (German Research Foun-
dation, DFG GRK 1070, IRTG Sustainable Resource Use in North
China Plain). The authors thank Mr. Guiqi Wang and Mr. Zhizun Qi
for their technical assistance.References
Beckie, H.J., 2006. Herbicide-resistant weeds: management tactics and practices.
Weed Technol. 20, 793e814.
Blackshaw, R.E., O’Donovan, J.T., Harker, K.N., Clayton, G.W., Stougaard, R.N., 2006.
Reduced herbicide doses in ﬁeld crops: a review. Weed Biol. Manag. 6, 10e17.
China Pesticide Information Network, 2012. Database for Pesticides in China.
Available on line at: http://www.chinapesticide.gov.cn/service/aspx/B4.aspx
(accessed 22.11.12.).
Diggle, A.J., Neve, P.B., Smith, F.P., 2003. Herbicides used in combination can reduce
the probability of herbicide resistance in ﬁnite weed populations. Weed Res. 43,
371e382.
Grossmann, K., Ehrhardt, T., 2007. On the mechanism of action and selectivity of the
corn herbicide topramezone: a new inhibitor of 4-hydroxyphenylpyruvate
dioxygenase. Pest Manag. Sci. 63, 429e439.
Kir, K., Dogan, M.N., 2009. Weed control in maize (Zea mays L.) with effective
minimum rates of foramsulfuron. Turk. J. Agric. For. 33, 601e610.
Kudsk, P., Streibig, J.C., 2003. Herbicides-a-two-edged sword. Weed Res. 43, 90e102.
Li, M., 2010. Review and prospect of maize production in the world. J. Maize Sci. 18
(3), 165e169 (in Chinese with English abstract).
Manalil, S., Busi, R., Renton, M., Powles, S.B., 2011. Rapid evolution of herbicide
resistance by low herbicide dosages. Weed Sci. 59, 210e217.
Meissle, M., Mouron, P., Musa, T., Bigler, F., Pons, X., Vasileiadis, V.P., Otto, S.,
Antichi, D., Kiss, J., Pálinkás, Z., Dorner, Z., van der Weide, R., Groten, J.,
Czembor, E., Adamczyk, J., Thibord, J.B., Melander, B., Cordsen Nielsen, G.,
Poulsen, R.T., Zimmermann, O., Verschwele, A., Oldenburg, E., 2010. Pests,
pesticide use and alternative options in European maize production: current
status and future prospects. J. Appl. Entomol. 134, 357e375.
Norsworthy, J.K., Ward, S.M., Shaw, D.R., Llewellyn, R.S., Nichols, R.L., Webster, T.M.,
Bradley, K.W., Frisvold, G., Powles, S.B., Burgos, N.R., Witt, W.W., Barrett, M.,
2012. Reducing the risks of herbicide resistance: best management practices
and recommendations. Weed Sci., 31e62, 2012 Special Issue.
Nurse, R.E., Hamill, A.S., Swanton, C.J., Tardif, F.J., Sikkema, P.H., 2007. Weed control
and yield response to foramsulfuron in corn. Weed Technol. 21, 453e458.
O’Sullivan, J., Brammall, R.A., Bouw, W.J., 1995. Response of sweet corn (Zea mays)
cultivars to nicosulfuron plus primisulfuron. Weed Technol. 6, 280e283.
Pannacci, E., Covarelli, G., 2009. Efﬁcacy of mesotrione used at reduced doses for
post-emergence weed control in maize (Zea mays L.). Crop Prot. 28, 57e61.
Schuster, C.L., Al-Khatib, K., Anita Dille, J., 2007. Mechanism of antagonism of
mesotrione on sulfonylurea herbicides. Weed Sci. 55, 429e434.
Schuster, C.L., Al-Khatib, K., Anita Dille, J., 2008. Efﬁcacy of sulfonylurea herbicides
when tank-mixed with mesotrione. Weed Technol. 22, 222e230.
Skrzypczak, G.A., Sobiech, L., Waniorek, W., 2011. Evaluation of the efﬁcacy of
mesotrione plus nicosulfuron with additives as tank-mixtures used for weed
control in maize (Zea mays L.). J. Plant Prot. Res. 51, 300e305.
Sutton, P., Richards, C., Buren, L., Glasgow, L., 2002. Activity of mesotrione on
resistant weeds in maize. Pest Manag. Sci. 58, 981e984.
Swanton, C.J., Weise, S.F., 1991. Integrated weed management: the rationale and
approach. Weed Technol. 5, 657e663.
Williams II, , Martin, M., Pataky, J.K., Nordby, J.N., Riechers, D.E., Sprague, C.L.,
Masiunas, J.B., 2005. Cross-sensitivity in sweet corn to nicosulfuron and mes-
otrione applied postemergence. Hortscience 40, 1801e1805.
Young, B.G., Zollinger, R.K., Bernards, M.L., 2007. Variability of tembotrione efﬁcacy
as inﬂuenced by commercial adjuvant products. North Cent. Weed Sci. Soc.
Proc. 62, 141 (abstract).
Zhang, Q., Yang, L., Dong, J., Zhang, J., 2010. Study on the detoxication effects of
cloquintocetmexyl and dichlormid on phytotoxicity of nicosulfuron and mes-
otrione on maize. J. Hebei Agric. Sci. 14 (9), 63e67 (in Chinese with English
abstract).
Zheng, L., Lv, Y., Ni, H., 2011. Efﬁcacy comparison of four post-emergence herbicides
in weed control in corn. Agrochemicals 50 (8), 597e613 (in Chinese with En-
glish abstract).
Zollinger, R., Ries, J.L., 2006. Comparing mesotrione, tembotrione and topramezone.
North Cent. Weed Sci. Soc. Proc. 61, 114 (abstract).
